Over the last decade, a large number of glia transcriptome studies has been published. 10
Introduction 24
Due to large number of transcriptomic studies over the last few years and the 25 generation of single cell RNA sequencing data, a vast amount of transcriptome data 26 has become available in various repositories. However, the available datasets are 27 processed with a variety of sequencing techniques and materials, which results in 28 different technological batches and is therefore difficult to compare and combine. 29
Another difficulty is the often unprecise or even incomplete dataset descriptions that 30 make it challenging to compare transcriptomic datasets and to perform meta-analyses. 31
Using the guidelines for data management and storage as outlined in the FAIR 32 concept 1,2 might lead to improved open accessibility of datasets, enabling re-usage of 33
data. 34
For the purpose of re-use of data, we previously created the glia open access 35 database (GOAD) 3 to provide and harmonize previously published high quality glia 36 transcriptome datasets. GOAD contains a collection of selected studies where 37 researchers can evaluate the differences in gene expression by selecting predefined 38 comparisons. To improve GOAD and implement novel functionalities, we developed 39 the brain interactive sequencing analysis tool (BRAIN-SAT) introducing a user-friendly, 40
interactive application to re-analyze published data. This application analyzes raw 41 transcriptome data (bulk and single cell) from available dataset (studies are 42
represented in table 1). For proper harmonization, all datasets in BRAIN-SAT were 43
preprocessed and stored in the same format. These harmonized data sets can then 44 be used for different visualizations to interpret the data (figure 1). 45 46 
48
BRAIN-SAT as a successor of GOAD contains more interactive functionalities for 49 transcriptome analysis. The application is built on the database structure of 50 MOLGENIS 4 , where it uses the integrated database and the R application 51
programming interface (API) to perform differential expression analysis and processing 52 of single cell data.
53
The differential and quantitative expression analysis functions are, like in 54 GOAD, still available but modified into a more user-friendly format. The fast-interactive 55 function is particularly noticeable in the differential expression analysis (DEA) utility 56
where the comparisons rely on raw counts, which are stored in the database. This 57 setup enables us to add new studies faster, since now they only need to be aligned 58
and quantified before the studies are stored in the database. A second interactive part 59 of BRAIN-SAT are the images, which facilitate the outcome of the different analyses, 60
additional information regarding the data can be observed when hovering over the 61 visualization. 62
An improved feature of BRAIN-SAT is the gene search function. This 63 functionality consists of data values of several studies (cross-study) and organisms in 64 one visualization analysis. The log2(counts per million) of the average expression 65
values per condition were used as data values for this purpose. 66
In addition, BRAIN-SAT has a new feature i.e. a single cell sequencing analysis 67
function. Several single cell glia studies has been selected to visualize single cell 68 expression data in interactive t-distributed stochastic neighbor embedding (tSNE) 5 69 plots where the quantitative expression values of genes are displayed. 70 71 MOLecular GENetics Information Systems (MOLGENIS) 4 is a toolkit that consists of 84 several bioinformatics structures and user interfaces that can be used for managing 85 and processing scientific data. For BRAIN-SAT, several MOLGENIS components were 86 used: the font end, data tables and available scripting tools. The front end represents 87 the BRAIN-SAT layout and is the starting point of various analyses. The MOLGENIS 88
data tables store aligned reads that are used throughout the rest of BRAIN-SAT and 89
can be accessed with the use of the representational state transfer (REST) API. The 90 R API facilitates the interactive analyses for transcriptome data and the JavaScript 91 module enables features that are specific for BRAIN-SAT. 92 93
Preprocessing pipeline 94
Raw fastq files of bulk RNA-Seq are processed through a standardized pipeline, where 95 fastq files are obtained through the gene expression omnibus (GEO) 6 or the European 96
Nucleotide Archive (ENA) 7 . Low quality base pairs in the sequence are trimmed. 97
Alignment is performed with the use of HiSat2 8 . Sequences are aligned with the 98 following genomes: human (GRC38), mice and rat (GRCm38). Samtools 9 and Picard 10 99 are used after the alignment, different functions and additional parameters used for the 100 preprocessing steps are explained in table 3. 101 102 Table 3 . Explanation preprocessing steps.
103
The various steps and functions used in this paper are explained in this table, where the additional parameters are 104 defined.
105
Step Function Additional parameter(s) Smirnov statistics and multivariate adaptive regression splines to determine an optimal 115 threshold value per sample to separate high and low expressed genes. The outcome 116 of this filtering was saved in the MOLGENIS database. 117
The differential expression analysis function coverts the raw data with edgeR 12 , 118 this analysis uses two selected conditions. The conditions are ordered alphabetically 119
where condition "A" is used as a baseline condition (or control) and is compared to "B", 120
which is used as the condition of interest. This means that genes with a negative log 121 fold change (logFC) are increased in the control condition. Whereas a positive logFC 122
indicates an increase in the condition of interest. Differentially expressed genes are 123
represented in an interactive scatterplot (generated with Plotly 13 ) and is accompanied 124 by a data table that consists of the gene symbol, logFC and false discovery rate (FDR). 125
The data table can be used to find the logFC and FDR of the gene of interest, and the 126 interactive scatterplot displays the overall differences between two conditions. These 127 differences can be examined in more detail with the use of the zoom and hovering 128 function that is available in the scatterplot. 129
The quantitative expression analysis uses transcript per million (TPM) 14 to 130 transform the data for the bar graph visualization (D3js 15 ). TPM values show the 131 number of transcription copies of a gene in a condition of interest in the selected 132 studies. 133 134
Single cell RNA analysis 135
Downloaded single cell transcriptome data sets were subjected to two filtering steps: 136 first, cells with less than 500 expressed genes were identified as empty cells and are 137 removed from the dataset. Second, the quantiles were calculated on expressed genes, 138
where genes in the 25-quantile range were returned for further analysis. This matrix 139 was used to obtain the top 100 most abundantly expressed genes per condition, 140
filtering out low expressed genes. The number of cells per condition was adjusted if 141 there were more than five different conditions available in the study. The top 10,000 142 genes were used for the downstream analysis (generating a matrix that consists of 500 143 columns and 10,000 rows).
144
A SingleCellExperiment 16 object was created from the count per million (CPM) 145
values, this object will be used as input for the rest of the process. The tSNE 5 is 146 calculated with the highest perplexity possible; this value is dependent on the dataset. 147
Values of the tSNE are passed to a Vue component 17 The homepage of BRAIN-SAT (figure 2) contains the following elements: (5) the 158 search engine that visualizes the gene of interest in two datasets (one human and one 159 mouse) and (6) the publications tab, where the datasets of processed studies can be 160
found. This tab allows the performance of the DEA or QEA after selecting the study of 161
interest in the available studies. 
169
The homepage contains three buttons (see top left of the blue bar). The "home" button 170
(1) is used to return to the home screen. An important part of the application is the 171 tutorial page, which can be accessed by pressing the "education hat" icon (2). The 172
"gear" button (3) redirects the user to the materials and methods page, which briefly 173 explains the application that were used to create BRAIN-SAT and the workflow of the 174 different analyses. The last button (the envelope) (4) leads to the contact information 175 of the individuals that were most involved in the generation of BRAIN-SAT. The BRAIN-SAT search engine on the homepage is used to depict the level of gene 179 expression (log2(CPM)) based on different studies (cross-studies). An example of a 180 search is represented in figure 3 , where the gene AXL was used. The dot plot 181 visualizes the median (or mean when only 2 replicates were available) expression of 182 the control conditions per study. Whereas each different color is used to indicate a 183
unique study and where each shape (dot, square or diamond) represents a different 184 organism. 185
The dot plot in figure 3 shows the gene expression levels in several cell types, 186
which are indicated on the x-axis. Hovering over a data point plot activates a text box 187 that contains more information; the first line consists of the actual log2(CPM) value, 188
the second line consists of the name of the first author and the year. Finally, the third 189 line contains the region and if applicable the strain (which is identified between 190 brackets). 
Quantitative expression analysis 200
The quantitative expression analysis (QEA) functionality can be accessed through the 201 publication section, which consists of a collection of different studies. This analysis is 202 done for each study separately, were different percentile ranges are used to describe 203 the expression. The percentile description is ranked from not expressed to very high 204 expressed (percentile range 0-5). For demonstration purposes the gene Aldh1l1 (a 205 gene that is used as a marker for astrocytes) was searched for in the dataset of Zhang for Aldh1l1, the expression level of this gene was very consistent between the different 210 samples. 211 212 The first visualization is an adaptation to the tSNE. The transparency of the dot is 246
based on the abundance of gene expression in the cell. A more "solid" dot indicates 247 high gene expression, whereas a transparent dot indicates low/no gene expression. 248
Specific differences in gene expression based on the condition can be seen in the 249
boxplot and pie card. The boxplot shows that the highest expression of Irf8 can be 250 observed in the condition "brain microglia E12.5". The pie chart indicates that half of 251 the detected Irf8 expression derived from the "brain microglia E12.5" sample. 252 
260
Comparison of BRAIN-SAT with other web applications 261
To date there are several applications available online that can be used to perform 262 quantitative expression analysis. The most recent applications are: GOAD 3 , the Brain 263
RNA-Seq application from Barres's lab 18 , Neuroexpresso 19 and the microglia single 264 cell atlas 20 .These applications will be discussed below. 265 B A The aim of GOAD was to generate an accessible platform for glia biologists 266 without the requirement of bioinformatic expertise. Information from various studies 267 was aligned, quantified, and saved into a database. This information was used for 268 visualization purposes. Studies available on the website cover different glia subtypes 269
in different neurodegenerative diseases that could be used further for visualization 270 through the expression analyses. 271
Brain RNA-Seq 18 generated by Barres's lab enables open access to the lab's 272 mouse and human data. The interface of the web application is easy to use. In addition, 273
it is possible to access the quantitative expression several datasets that are publicly 274 available on the website. 275
Neuroexpresso 19 is described as a cross-laboratory database that combines 276
data generated using GPL339 and GPL1261 micro-array chips together with a single 277
cell RNA-Seq dataset that was generated by Tasic et al. 21 . In addition, only samples 278 after postnatal day 14, wild-type and untreated animals were used. Neuroexpresso is 279
able to identify gene markers that can be found in the homeostatic state of the various 280 cell types. 281
The microglia single cell atlas by the lab of Stevens, contains single cell RNA-282
Seq data of microglia samples isolated at several ages across the lifespan from both 283 female and male mice. In addition, the data includes microglia from saline and 284 lysolecithin injected white brain matter. A visualization aspect is available through the 285 search engine of the website. 286 287 published studies. The FAIR principle was introduced to improve the available 292
infrastructures and to enable data reusage 1 . We aimed to create an application that 293 followed these principles when feasible. BRAIN-SAT consists of (meta)data that are 294 globally unique, the data is open accessible and contains author and study information. 295
In addition, data is shared and could be further used for knowledge representation. 296
Implementation of other principles might improve our application in the future, where 297 more information about the samples and more high-quality data can be included in the 298 near future. 299
Since the release of GOAD, several other applications became available for 300 public use (table 4) . These applications offer a range of different functionalities as: 301 single cell and/or bulk RNA-Seq or cross-data analysis to explore available data. 302 BRAIN-SAT was created to facilitate interactive transcriptome analyses, adding 303 additional features such as performing a DEA on all available samples and exploring 304 single cell RNA-Seq expression data. To gather datasets in the neuroscience field, we 305
introduce a platform that researchers can use on open access data. The layout of 306 BRAIN-SAT focusses on gene searches and enables open access to the data sets in 307 the application, allowing faster turnover of the uploaded studies. This means that we 308
can update the application faster, generating a more up to date application. The future 309
perspectives for this application are as follows. 310
Fast incorporation of new studies in BRAIN-SAT, since data sets only need 311 alignment and quantification. In addition, limiting the number of studies creates a 312 collection of the most interesting findings in the field. 313
Adaptations of the website will be made based on new developments in the field. 314
An example is the inclusion of the single cell analysis.
315
With the implementations of the above-mentioned perspectives we aim to 316
generate an interactive platform that enables researchers to access published data 317
and analyze it without extensive bioinformatic expertise. 318 319
